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HEADQUARTERS QUARTERMASTER RESZARCH & DEVELOPMENT COMMAND
OFPIQ! OF THE GOMMANDING QGENERAL .
| NATIOK, MASSACHUSETTS

31 May 1957

The Quartermaster General
Pspariment of the Army

‘Washington 25, D, C.

Dear Sir:

Thls report, "Skeletal Age Changes in’ Young American Méles "is
concerned with one of the principal identification methods. available
to the Army Graves Registration Sevvice: .the successful calculation
of the age at death of an unidentified’ soidier. There are a number of
bory sites in the body whicl. show successive age changes and which can
be used for this calculation. However, the concept of age changes in
the skeleton which was initially developed on anatomical collections

.over thiity years ago has besn revitalized recently by a Quartermaster

Research and Development effort to establish a new and improved system
based on individuals of military age. In response to a request from
the Secretary of the Army, Dr. T. D. Stewart cf the Smithsonian Insti-
tution examined some 450 skeletonized and identified U, S. war dead
which were being repatriated from North Korea in "Orzration Glory"
during the fall of 1954, Deotailed recordings, ylaster casts and photo-
graphs were obtained which have been analyzed for age changes by both
Dr. T, W, McKern, Anthropology. Branch, Envi'onmental Protection Research
Division, and Dr. Stewart.

This report on skeletal ageing was compiled from the results of
the above analysis and will serve ac both a technical source and a
prac.ical tool for age identification. Also, using specific skeletal
locations that best show progressive age changes, new and improved
methods of 2g» calculation have been introduced. These new methods,
along with the general information contained 3n this report, will wake«
it possible for thoae individuals who are involved in ident.fication
vork to arrive at more accurate age estimations,

Sincerely yours,

‘"éfgg?éngiiaL;_AxJ~ea1

1 Incl 5o G. CALLOWAY
EP-45 Brigadler General, USA
Commanding
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Dr. McKern began work on 6 Saptember 1955. and after completing his
analysis of the daba and preparing a first draft of the wanuscript,
moved o the R&D Center, Natick, hassachusetts on 15 August 1956 whera
he completed work on the manuacript

The present report represents the results of extensive identifi-
cation research on a thoroughly documented sample of a military popu-
lation and is corcerned specifically with the estimation cf chronolog-
ical age from the maturational status of unknown ‘remains. = It provides
an efficient training mource as well as more reliable standards which
will enable future observers to arrive at more accurate results.

AUSTIN HENSCHEL, Ph.D.
Chief

Environmental Protection Research

Division

Approved:

JAMES C. BRADFORD, Colonel, QMC
Commanding Officer
QM R&D Center Operations

A. STUART HUNTER, Ph.D.
Scientific Director
Q4 Research & Development Ccmmand
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ERRATA » o 29 October 1957

Technical Report EP-45, Skeletal Age Changes in Young American Males,
by Thomas W. McKern and T. D. Stewart, May 1957.

5 21 Change skeletel to skeletal

10 24 Change 25 to 23
11 32,34 )
12 1 ) Change Caucausoid to Caucasoid
13 2

20 37 Change Montague to Montagu

24 15 Change Grey's to Gray's

37 20 Change 20 years to 21 years
48 7 Change Table 22 to Table 21

50 L | Change persistant to persistent

65 19 Chanee eschial to ischial

g2 33 Change "quiesence" to "guiescence"
84 25 Change symphseal to symphyseal

88 1 Change 22 years to 23 yea:s

90 2 Change 1871 to 1872

S0 12 Change (1925) to (1924)

102 30 Change wersistance to persisténce
108 5 Change lHaffziger to Naffsiger
109 5 Chanee Cervicle to Cervical
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2 - ERRATA, QM R&Z Tach Rpt ER-45 =

Page Line '
115 31 .'Change 22nd yea,.to 23rd year

120 16 Change ccarse to course
U0 ) Transpose photographs on these pages.
141 ) Photographs on page 140 go on page 141,

those cn page lhl_goron page 140
154 8 Change varies to vary
15, 17 Chinge erroded to eroded
160 21 Change 23 years to %i, years
168 7 Change Table 46 tc Iable 51
17 5 Change Table 47 to Table 52
170 25 Change page 20 to page 11

170 32 Change 2.9 percent,tc A.h percent

179 15 Add (after Toplnard) Trotter, Mildred 1934 Incidence of
synostosis beétween the manubrium and
body of the sternum in Whites andA
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Foreword

When the United Nations miliﬁafy forces retreated from Moria

Korea in 1950 they necaessarily left behinc a large nuwber of dead,
‘buried in military cemeteries or in temporary graves. During the
-following years attempts were made to get permiasion for the Graves

Registration Service groups to enter the area and to remove the re-
mains of the American dead. Permission to enter was denied but it
was finally arranged that ths Communists would disinter the American
remains and' exchange them ror their own dead which we would return
from South Korea.. v

It was realised by the Momorial Division, Office of The Quar-
termaster General, that tkis operation (known as "Opsration Glory")
held poeaibilitiea for research in the field of identification. . .
Thus, the initiation of the present research wvroject dates back to
late in the summer of 1953. At that time D». T. D, Stewart was ap-
proached informally by representatives of tne Memorial Diviesion re-
garding the desirability of further research on identification
probloms in connection with the recovery cf ihs American war dead in
Korea, Negotiations with the Communists regarding the return of the
American war dead were completed in the summer of 1954. Prior to
this time Dr. Stewart perfected plans for recording information on
the skeletal evidence of ageing and arranged for a leave of sbsence
from the Smithsonian Tnstitution, ‘

Dr. Stowart arrived in Kokura, Japan on September 18 and was
stationed with the American Graves Registration Service Group at the
Jono, Japan area. This was the Army Central Identification Labora-
tory and it was here that the remains of the American war dead from
Korea were being prccessed.

During the following four months, 450 skeletons wers thoroughly
investigated according to the procedures outlined in succeeding chap-
ters. At the end of this period the completed records were shipped
to .he Smithsonian Institution in Washington.

In the spring and summer of 1955 Dr. Russell W. Newman, Environ-
mental ?Protection Ressarch Divisior, Quartermaster Research and
Development Center, Natick, Massachusects, worked out an arrangement
whereby Dr. Thomas W. McKern was detailed to Washington, D. C. to
work with Dr. Stcwart on the analysis of the data obtained in Japan.
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ABSTRACT .

This report of skelstal age changes was compiled from the results
of extensive identification research on a series of 50 skeletal re-
mains of U. S. war dead repatriated from North Xorez under "Operation
Glory" during the fall of 1954. The repor’ is divided into eleven
chapters; ten outline the progreas of age changes in selacted skeletal
segments and one, the eleventh, portrays the total pattern -of skeletal
maturation. To further aid the observer; each chapter includes com-
plete tabular and detailed photographic evidence of the exact nature
of skeletal age changes for the particular area concerned. Also, nevw
msthods for determining age estimations have been introduced.

The present worlé can be used as a tochnical source as well as a
practical tool for the age jdentification of unknown remains.
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INTRODUCTION
1. Background of ikeletal ageing

The estimation of chronological age from the maturatisonal status
of unknown skeletal remains has long bean an important problem to the
Quartermaster Corps as well as to the federal and local law enforce-
ment agencies. Formerly the information usod in this work was obtained
mainly from textbooks of anatomy. In these sources unsubstantiated
statements are to be found regarding the ages at which maturaticnal
events occur. The placinz of definite dates on such events is in
keeping with the general practice of oversimpiifying anatomical descrip-
tions for teaching purposes. Variation was minimized and central tend-
encies became the working standards.

It was not until the 1920s that some of the anthropologically-
ninded anatomists began to reexamine skeletal maturation and to restate
the terminal ages with more reference to their variability. Perhaps
the greatest contribution along these lines was made by T. Wingate Todd
and his associates at ‘lestern Reserve 'niversity, who had access to a
large and unusually well-documented skeletal collection. Throughout the
prasent work we will have occasion to refer to these studies.

In spite of the fact that Todd was aware of the role of variation
in maturational events, he still tended to fall into ths traditional
anatomical practice of simplification because he felt the need in
this instance to emphasize general biological principlss. For this
reason it was easy for others to abstract Todd's data and thereby in-
crease the simplification. An example of this i, provided by Krogman's
"Guide to the Identification of Human Skeletal Material" prepared for
the FBI in 1939. To take c typleal case, Krogman indicates in his fig-
ure 18 that the proximal epiphysis of the humerus unites in males at
19.5-2C.5 years, thus implying a variation of only one year for this
feature. An indirect comment on this statement was made in 1952 by
F. Vandervael of the University ol Liege, wino served as an identifica-
tion specialist for AGRS in Europe after World War I. According to his
f£indings on the remains of 225 American soldiers, the head of the humerus
unites at 21 yeavs or later. Vandsrvael indicate! many other changes in
the terminal dates of maturational events. Alsc, Singer in 1953 and
Cobb in 1955 denied the utility claimed by Todd for suture closure in .
age identification. More and more, therefore, it has become apparent
that better data are neéeded in this field. Yet, in the absence of better
data, identification specialists have been relying perforce on t.ae stand-
ards at hand.




When the pressnt project got under way in the fall of 1954 at
Xokura, Japan, the anthropologists in the Identification Laboratory
there were estimating age on the basis of standzsrds derived ultimately
from the work of Todd and his asesociates. The identificatior records
of these anthropologists thus provide a base line from which to measure
future improvements, Realising this, Dr. Stewart made a comparison ol
the estimated and actusl ages for the first 200 identified cases of the
sampie which he studied. ‘ S '

The results of this comparison showed that altihough the anthropol-
ogists in Kokura, using existing standards, gave remarkably good esti-
mates of age, they had a tendensy to overestimate the ages—of a large
proportion of unknowns.# ‘

From this analysis of skeletal ageing at the time the present
project began, ths authors feel that the main problems confronting them
are the following: 1) to provide a better picture of the range of var-
fation in maturational events in the American population; and 2) to
provide a better training method to enable future observers to arrive at
more uniform results. o

2. Methods of observation

In preparation for the work in Japan Dr. Stewart devised two re-
cording forms which were printed on 8 x 104" Keysort Cards (QMC Forms -
T-90 and T-90a). These cards are reproduced here zs figures 1 and 2.
As will bs seen, Card 1 is devoted to eruption of the third molars and
to closure of the cranial sutures; Card 2 is devoted to the union of
certain epiphyses and to joint changes of an arthritic nature. Space
is provided on both cards for explanatory notes, lists of casts and
photographs. '

Although the twe cards thus serwed diffcrent purposes, both cofi-
tain a certain amount of info:mation in common, namely, military number
(really evacuation number), order mumber (in the series studied), dates
of birth and death, age, race. and state of preservaticn. Data on age
and race were not obtained, of course, until identification was complete.

The selection of observations and their arrangement on the cards
vere determined partly by space limitations on the cards and by a knowli-
edpe of the maturational status of the military age groups. Since :
spaca on Card 1 did not permit a detailed recording of facial suture
closure and Cobb (1955) had shown that closure here has very little
significance for identification, it was decided simply to noite the

#38ince a similar study is to be presented separately and more elabe-
- rately, only the main conclusions of Dr. Stewart's analysis are
presented here.
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sites of closure in the more readily observavle sutures of the face.
On ‘the other hand, cranial sutures were arranged on the. card in such
37 a8 to pormit orderly obaemtion in full detail.

Sinilarly for Card 2 cartain epiphyses had to be selscted for
detailed recordsng and others had to be relegated to notes. In the
latter group were placed the epiphyses that unite earliest, nazely,
those of ths elbow, hip, and ankle.

Some idea of the work involved in recording the maturational
status of a specimen is given by the total number of observations on
the two cards, which amounts to &bout 60. Usually a good many other
observations were added in the fora of notes.

By using punch cards it was possibls to categorizs most observa-

tions on & scale of 0-5. Zero (no punch) usually indicates absence of
the feature in questicn. For
example, in suture closure it
means no ciosure; in epiphyseal
union it means lack of union.
On the cther hand, 5 (4 and 1
both punched) means inatility to
obgserve the featwie dus to dam-
age to, or loss of, the skeletel
pert. Thus the numbers 1 to 4
‘were reserved for reporting
stages of maturation of the fea-
ture. In suture closure this
means one-quarter, one-half,
three-quarters and complete clu~-
sure; in epiphyseal union it

- means begimning, active, recent,
and complete union. The only
exceptions to this scheme are
the following: Preservation
(0 = excellent, 1 = good, 2 =
fair, 3 = poor, L4 = flesh cov-
ereds; third molars (1 = desply
imbedded, 2 = parily erupted, 3 -
impactad, L = normslly erupted,
5 = not present); synostosis of
manudric-glediolar joint: (0 =
no fusion, 1 = widened joint, 2 =
fusion, 3 = not ohservable).

#ig.3 Holdinz trays used in making

the casty., The tray balow is par- It will bo poted thaib mo
tially opzn to show hinge in base as gpace was provided om Luw wupeh
well as tho construction of the cards fer the pubic symptysis,

inverloclkting sides. cno of the mest laporlant aress
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Fig. 4 Preparation of casts of ubie symphyses showing arrangement of
equipment (Mr. Doram).

for age identification. The main reason for this is that Dr. Stewart
felt he could not take the time to make the observations dirsetiy from
the btone. Irstead, he planned to make plaster casts of the symphysis
for later ctudy. Also, he plannsé to xake casts. of the stornal end of
the clavicle and one border of the manubriuvm partly in support of ths
record and partly for furthsr study. In this comneaction and before go-
ing to Jepan, Dr, Stewert tested cavting compounds and desigred metal
traye sultabls to serve ag containers for the molds. Having found that
dental molding compound (Trads nams: D. P, Tlastic Inpression Cream)
medo » satisfectory quicik-setting zold, he erranged for 2 supply to be
sent in advancs to Japan. Also, ho made certain that adequate supplies
of plaster of Paris and dontal sione were avallable in Japan. A set of
rolding trays (Fig. 3), mads in tbe shops of the U. S. Mational Musoum,
wos %telon Lo Japan.

One of tho problems of casting wne te work on twe or more sets of
bonos et oros without wizing the bongs or mislebsaliing the caste. Iu
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